A system for studying the effects of relative humidity (RH) and temperature on biological aerosols, utilizing a modified toroid for a static aerosol chamber, is described. Studies were conducted at 23 C and at three RH levels (10, 35, and 90%) with four viruses (Newcastle disease virus, infectious bovine rhinotracheitis virus, vesicular stomatitis virus, and Escherichia coli B T3 bacteriophage 
A considerable amount of work has been done on the effect of relative humidity (RH) and temperature on airborne bacteria with considerable differences of opinion. De Ome (1), Loosli et al. (9) , and Williamson and Gotass (21) indicated that high RH was more lethal than medium or low RH. Wells and Zappasodi (20) reported opposite findings. Dunklin and Puck (2) , Ferry and Maple (4) , and Schechmeister and Goldberg (14) claimed intermediate RH level to be the most lethal. Goodlow and Leonard (6) stated that low RH (20 to 30%) hastened the decay rate for most cells, as did very high RH (95%); optimal RH ranged from 40 to 80 %. Webb (17) (18) (19) , studying factors affecting the viability of airborne bacteria, found that the death of bacterial cells aerosolized from distilled water suspensions occurred at two different rates. A rapid initial kill took place within the first second, and this was followed by a subsequent slower death. He suggested that the death of the cell resulted from the movement of water molecules into and out of the cell in an equilibrium system, a movement which resulted in a collapse of the natural structure of cellular protein.
Survival of airborne cells was enhanced by the addition of some amino acids, long-chain protein degradates, some sugars, and polyhydroxycyclohexanes. He suggested that hydrogen bonding was the mechanism responsible for the preservation of the natural structure of the cellular protein. Before an aerosol was generated in the chamber, the approximate RH desired was established. If a high RH was desired, water was nebulized into the chamber, and if a low RH was desired, the chamber air was replaced with predried air. In the lowest RH range, the aerosol was generated across a layer of CaSO4 into the predried chamber. Diluting air that replaced the sample air at the time of sampling was also preconditioned. Temperature and RH were sensed by the same probe. Hygrometer readings were linear from 0 to 100, and actual temperature and RH were determined by the use of calibration curves. These data were recorded and provided a constant record of the temperature and RH throughout the test.
Aerosol samples were titrated using 10-fold dilutions prepared in 1% peptone containing 500 units of penicillin and 500 jug of streptomycin per ml. When T3 phage was titrated, antibiotics were deleted from the medium.
When NDV was titrated, 0.1 ml of each dilution was inoculated into five 10-day embryonated chicken eggs. Eggs were candled daily for 5 days and questionable deaths were verified by the hemagglutination test.
IBR virus was titrated in prinary bovine kidney cultures, and VSV, in primary swine kidney cultures. Each tube contained 0.9 ml of tissue culture fluid and was inoculated with 0.1 ml of the appropriate virus dilution. Five tubes were inoculated with each dilution. Cultures were checked daily for a period of 5 days for cytopathic effect.
E. coli B T3 bacteriophage was titrated by the method previously described by Songer et al. (15) . We added 0.2 ml of the appropriate dilution to 3 ml of melted soft agar which had previously been inoculated with one drop of a 3-hr culture of E. coli B. After mixing, it was poured into a prepoured agar plate and allowed to solidify. After 6 Tenfold dilutions of each air sample were made in 1% peptone containing 500 units of penicillin and 500 jg of streptomycin. Five 10-day chicken embryos were inoculated with each dilution. A portion of each sample was assayed for fluorescence, and the concentration of Rhodamine B was calculated. From the base line established by the initial samples, the total and physical decays were established for each time interval. By subtracting physical decay from total decay, biological decay was determined. Comparisons of the physical, biological, and total decay are graphically illustrated in Fig. 3 .
RESULTS
NDV. The results of the NDV aerosol survival tests are presented in graph 1, Fig. 4 . From this graph it can be seen that at 23 C airborne NDV survived better at 10% than at 35 or 90% RH.
Similar studies were conducted with NDV at 4 and 37 C, and lower temperatures favored survival of airborne NDV. However, at 10% RH, airborne NDV survived equally well at 37 and 23 C. At 4 C and 10% RH, the NDV aerosol decay curve closely paralleled the physical decay curve in Fig. 3 .
IBR virus. The results of the IBR virus aerosol survival tests are presented in graph 2, Fig. 4 . At 23 C, IBR virus aerosol survived best at 90% RH. The initial level of virus was also greater at 90% RH than at either of the other RH levels. Survival was better at 10% than at 35% RH.
VSV. Aerosol survival test results with VSV are presented in graph 3, Fig. 4 . At 23 C, VSV survived best at 10% RH. Survival was also greater at 90% than at 35% RH. The difference in survival at the three RH levels was not as marked with VSV as it was with the other viruses. The initial survival was approximately 1 log higher at 90% than at either 35 or 10% RH.
Bacteriophage T3. The results of this series of tests with T3 phage were more disparate than with any of the previous viruses tested. From graph 4 in Fig. 4 , it is obvious that high humidity favors survival of airborne T3 phage. At 35% RH, survival was extremely poor; however, at 10% RH survival was considerably better. The initial virus concentration in the aerosol generated at 10% was approximately 4.5 logs below that generated at 90% RH. Once this initial loss had occurred, considerable stability was observed. It should be noted that the line representing 90% RH closely parallels the physical decay line in Fig. 3 . DIscussIoN At 23 C, airborne NDV and VSV survived best at 10% RH, and airborne IBR and T3 phage survived best at 90% RH. All of the viruses had the poorest survival at 35% RH. At 10% RH, NDV survived equally well at 23 and 37 C. This suggests an increased resistance to thermal inactivation.
The results of these studies demonstrate the optimal RH for survival of each of the viruses tested when stored in an aerosol form. However, if one calculates the theoretical initial virus concentration in the aerosol based on the quantity and titer of the virus aerosolized and subtracts the actual concentration based on aerosol samples, in almost all cases, a RH of 90% favors generation survival.
The graphs in Fig. 5 From these observations, one may conclude that generation loss, as well as storage loss, must be considered when evaluating the effects of RH on airborne viruses. When using a dynamic aerosol system for the exposure of animals, it is customary to determine the spray factor. This factor, which is the ratio of the number of organisms in the aerosol to the number of organisms in the suspension from which the aerosol was produced, (22) . Although these data are incomplete, they suggest that simple generalizations cannot be made regarding the sensitivity of classification groups of viruses to RH. Some ribonucleic acid (RNA) viruses survived best at low RH, and others at high. Some viruses that survived best at high RH were ether-sensitive, and others were not. One of the myxoviruses survived best at high RH, the other two at low RH. Sensitivity to RH appears to be an individual characteristic of a virus. With the evolution of a classification system based on the physical structure and chemical nature of viruses, generalizations on their sensitivity to RH will no doubt be possible.
